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1. 

DIGITAL-TO-ANALOG CONVERSION 
APPARATUS FOR GENERATING COMBINED 

ANALOG OUTPUT BY COMBINING 
ANALOG OUTPUTS DERVED FROMUSING 

DIFFERENT SAMPLING CLOCKS AND 
RELATED METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. provisional 
application No. 62/068,775, filed on Oct. 27, 2014 and incor 
porated herein by reference. 

BACKGROUND 

The disclosed embodiments of the present invention relate 
to converting an input signal in a digital domain into an output 
signal in an analog domain, and more particularly, to a digital 
to-analog conversion apparatus for generating a combined 
analog output by combining analog outputs derived from 
using different sampling clocks and a related method thereof. 
A digital-to-analog converter (DAC) is used to convert a 

discrete digital input data into a continuous analog output, 
and is widely used in a variety of applications. However, since 
the DAC converts the discrete sampling digital impulse data 
to the continuous analog waveform, the continuous analog 
output of a DAC is more typically a zero-order hold series of 
stair steps. This transformation from discrete sampling 
impulse to continuous stair steps will induce the high fre 
quency image signal. If the digital output signal frequency is 
Fo, and the sampling frequency is Fs, these images are located 
at N*Fs+M*Fo, where N=1,2,3,... and M=+/-1, and have 
no external filtering image amplitude roll-off as sin(x)/x 
where xpi Fo/Fs. Thus, it is required to alleviate/eliminate 
the undesired images to prevent other circuit elements from 
being affected by the undesired images. One possible solution 
is to use a higher-order post-DAC filter for offering good 
image rejection. However, such a design would increase the 
production cost inevitably. Another possible solution is to 
increase the sampling frequency of the DAC to move the 
undesired images to higher frequencies for allowing the use 
of a lower-order post-DAC filter to remove the undesired 
images. However, Sucha design is not easy to be implemented 
when sampling frequency is more than several hundred mil 
lion hertz. 

Thus, there is a need for an innovative DAC system which 
is capable of offering good image rejection while using a 
lower-order post-DAC filter. 

SUMMARY 

In accordance with exemplary embodiments of the present 
invention, a digital-to-analog conversion apparatus for gen 
erating a combined analog output by combining analog out 
puts derived from using different sampling clocks and a 
related method thereofare proposed to solve the above-men 
tioned problem. 

According to a first aspect of the present invention, an 
exemplary digital-to-analog conversion apparatus is dis 
closed. The exemplary digital-to-analog conversion appara 
tus includes a first digital-to-analog converter, at least one 
second digital-to-analog converter, and a combining circuit. 
The first digital-to-analog converter is arranged to receive a 
first sampling clock and a digital input, and convert the digital 
input into a first analog output according to the first sampling 
clock. The at least one second digital-to-analog converter is 
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2 
arranged to receive the digital input and at least one second 
sampling clock different from the first sampling clock, and 
convert the digital input into at least one second analog output 
according to the at least one second sampling clock. The 
combining circuit is arranged to combine the first analog 
output and the at least one second analog output into a com 
bined analog output of the digital input. 

According to a second aspect of the present invention, an 
exemplary digital-to-analog conversion method is disclosed. 
The exemplary digital-to-analog conversion method 
includes: performing a first digital-to-analog conversion 
operation upon a digital input based on a first sampling clock, 
and accordingly generating a first analog output; performing 
at least one second digital-to-analog conversion operation 
upon the digital input based on at least one second sampling 
clock different from the first sampling clock, and accordingly 
generating at least one second analog output; and combining 
the first analog output and the at least one second analog 
output into a combined analog output of the digital input. 

These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art after 
reading the following detailed description of the preferred 
embodiment that is illustrated in the various figures and draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the generalized archi 
tecture of a digital-to-analog conversion apparatus according 
to an embodiment of the present invention. 

FIG. 2 is a diagram illustrating one digital-to-analog con 
version apparatus using the proposed image-rejection DAC 
architecture shown in FIG. 1 according to an embodiment of 
the present invention. 

FIG. 3 is a diagram illustrating a frequency response of a 
transfer function (1+Z') at 2*Fs. 

FIG. 4 is a diagram illustrating frequency responses of the 
transfer function (1+Z') when the digital-to-analog conver 
sion apparatus operates under different sampling frequencies. 

FIG. 5 is a diagram illustrating time-domain waveforms of 
the conventional DAC design and the proposed DAC design 
with image rejection according to an embodiment of the 
present invention. 

FIG. 6 is a diagram illustrating frequency-domain wave 
forms of the conventional DAC design and the proposed DAC 
design with image rejection according to an embodiment of 
the present invention. 

FIG. 7 is a diagram illustrating another digital-to-analog 
conversion apparatus using the proposed image-rejection 
DAC architecture shown in FIG. 1 according to an embodi 
ment of the present invention. 

FIG. 8 is a diagram illustrating a frequency response of a 
transfer function (1+Z'+Z'--Z) at 4*Fs. 

DETAILED DESCRIPTION 

Certain terms are used throughout the description and fol 
lowing claims to refer to particular components. As one 
skilled in the art will appreciate, manufacturers may refer to a 
component by different names. This document does not 
intend to distinguish between components that differ in name 
but not function. In the following description and in the 
claims, the terms “include and “comprise are used in an 
open-ended fashion, and thus should be interpreted to mean 
“include, but not limited to . . . . Also, the term “couple' is 
intended to mean either an indirect or direct electrical con 
nection. Accordingly, if one device is coupled to another 
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device, that connection may be through a direct electrical 
connection, or through an indirect electrical connection via 
other devices and connections. 
The main concept of the present invention is to generate a 

combined analog output representative of a digital input by 
combining analog outputs derived from using different Sam 
pling clocks (e.g., Sampling clocks having the same fre 
quency but different phases). Concerning the combined ana 
log output, at least the images around the sampling frequency 
(i.e., first-order images) can be effectively attenuated by a 
transfer function resulting from combining the analog outputs 
derived from using different sampling clocks. Hence, with the 
help of the intentionally introduced transfer function which 
offers needed image rejection, a post-DAC filter is allowed to 
be implemented using a lower-order filter such as a first-order 
low-pass filter (LPF). Further description of the proposed 
image-rejection DAC architecture is detailed as below. 

FIG. 1 is a block diagram illustrating the generalized archi 
tecture of a digital-to-analog conversion apparatus according 
to an embodiment of the present invention. The digital-to 
analog conversion apparatus 100 may be used by any appli 
cation which requires the function of converting an input 
signal in a digital domain into an output signal in an analog 
domain. By way of example, the digital-to-analog conversion 
apparatus 100 may be implemented in a wireless transmitter 
10. That is, the digital-to-analog conversion apparatus 100 is 
part of the wireless transmitter 10, and the wireless transmit 
ter 10 further includes other circuitry 101 needed to accom 
plish the task of transmitting a wireless signal (i.e., a radio 
frequency (RF) signal) over the air. It should be noted that 
using the digital-to-analog conversion apparatus 100 in the 
wireless transmitter 10 is for illustrative purposes only, and is 
not meant to be a limitation of the present invention. Hence, 
any electronic device using the proposed digital-to-analog 
conversion architecture falls within the scope of the present 
invention. 
The digital circuitry 1001 is a function block preceding the 

digital-to-analog conversion apparatus 100, and generates a 
digital input D IN to the digital-to-analog conversion appa 
ratus 100. With regard to the digital-to-analog conversion 
apparatus 100, it includes, but not limited to, a clock generator 
102, a first digital-to-analog converter (DAC) 104, at least one 
second DAC 106. 1 (or 106 1-106 N), and a combining cir 
cuit 108. The clock generator 102 is arranged to generate a 
plurality of different sampling clocks, including a first Sam 
pling clock CLK 1 and at least one second sampling clock 
CLK 21 (or CLK 21-CLK 2N), to the first DAC 104 and the 
at least one second DAC 106 1 (or 106 1-106 N), respec 
tively. More specifically, when the digital-to-analog conver 
sion apparatus 100 is configured to have one first DAC (i.e., 
one main DAC) 104 and one second DAC (i.e., one auxiliary 
DAC) 106 1 only, the clock generator 102 generates one first 
sampling clock CLK 1 to the first DAC 104, and generates 
one second sampling clock CLK 21 to the second DAC 
106 1. Alternatively, when the digital-to-analog conversion 
apparatus 100 is configured to have one first DAC (i.e., one 
main DAC) 104 and multiple second DACs (i.e., multiple 
auxiliary DACs) 106 1-106 N (N is a positive integer larger 
than 1), the clock generator 102 generates one first sampling 
clock CLK 1 to the first DAC 104, and further generates a 
plurality of second sampling clocks CLK 21-CLK 2N to the 
second DACs 106 1-106 N, respectively. The first DAC 104 
is arranged to receive the first sampling clock CLK 1 and the 
digital input DIN, and convert the digital input D IN into a 
first analog output A 1 according to the first sampling clock 
CLK 1. The at least one second DAC 106 1 (or 106 
1-106 N) is arranged to receive the same digital input D. IN 
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4 
and at least one second sampling clock CLK 21 (or CLK 21 
CLK 2N) different from the first sampling clock CLK 1, and 
convert the digital input D IN into at least one second analog 
output A 21 (or A 21-A 2N) according to the at least one 
second sampling clock CLK 21 (or CLK 21-CLK 2N). The 
combining circuit 108 is coupled to the first DAC 104 and the 
at least one second DAC 106. 1 (or 106 1-106 N), and 
arranged to combine the first analog output A 1 and the at 
least one second analog output A 21 (or A 21-A 2N) into 
the combined analog output A OUT. The at least one second 
DAC 106 1 (or 106 1-106 N) may have a duplicate circuit 
structure of the first DAC 104 while only their sampling clock 
inputs are different. Since the same digital input is converted 
into multiple DAC outputs based on different phase sampling 
clocks, the combination of multiple DAC outputs in the com 
bining circuit 108 would introduce needed filter characteris 
tics for image rejection. Hence, with a proper design of the 
sampling clocks, the undesired image interferences (e.g., at 
least the unwanted images around a working frequency) can 
be attenuated when the combined analog output A OUT is 
generated. Moreover, since the combination of multiple DAC 
outputs in the combining circuit 108 would introduce needed 
filter characteristics, the requirement of a post-DAC filter can 
be relaxed. For example, a first-order low-pass filter (LPF) 
may be employed to reduce the filter design complexity as 
well as the production cost. In a preferred embodiment, the 
combining circuit 108 is further arranged to apply first-order 
low-pass filtering when generating the combined analog out 
put A OUT. For example, the combining circuit 108 includes 
or is implemented using a transimpedance amplifier which 
also acts as a post-DAC filter. 

For better understanding of technical features of the 
present invention, several exemplary digital-to-analog con 
version apparatuses, each using the proposed image-rejection 
DAC architecture shown in FIG. 1, are discussed as below. 

Please refer to FIG. 2, which is a diagram illustrating one 
digital-to-analog conversion apparatus using the proposed 
image-rejection DAC architecture shown in FIG. 1 according 
to an embodiment of the present invention. Based on the 
proposed image-rejection DAC architecture shown in FIG. 1, 
the exemplary digital-to-analog conversion apparatus 200 
includes a clock generator 202, a plurality of digital-to-analog 
converters (e.g., TXDACs) 204, 206, and a transimpedance 
amplifier (TIA) 208. The clock generator 102 shown in FIG. 
1 is implemented using the clock generator 202 having a 
clock processing circuit 212 included therein. The clock gen 
erator 202 may have an internal clock source (not shown) for 
generating a sampling clock CLK with a sampling frequency 
Fs (e.g., 900 MHz), or may just receive the sampling clock 
CLK with the sampling frequency Fs from an external clock 
Source (not shown). The clock processing circuit 212 is 
arranged to receive the sampling clock CLK, and generate 
another sampling clock by processing the sampling clock 
CLK. In this embodiment, the clock processing circuit 212 
includes an inverter 214 used to invert the sampling clock 
CLK to thereby generate another sampling clockCLK, where 
the sampling clocks CLK and CLK have the same frequency 
(i.e., Fs) but different phases. More specifically, due to the 
inherent characteristics of the inverter 214, there is a 180 
degree phase difference between the sampling clocks CLK 
and CLK. In this embodiment, the sampling clock CLK acts 
as the first sampling clock CLK 1 shown in FIG. 1, and is fed 
into the DAC 204 that acts as the first DAC 104 shown in FIG. 
1; and the sampling clock CLK acts as the second sampling 
clock CLK 21 shown in FIG. 1, and is fed into the DAC 206 
that acts as the second DAC 1061 shown in FIG. 1. 
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In this embodiment, each of the DACs 204, 206 is a current 
output DAC. Hence, the DAC (e.g., a K-bit TXDAC) 204 
converts the digital input (e.g., one K-bit data) D IN based on 
the sampling clock CLK, thereby generating a current output 
I out1 as the first analog output A 1 shown in FIG. 1; and the 
DAC (e.g., a K-bit TXDAC) 206 converts the same digital 
input (e.g., the same K-bit data) D IN based on the sampling 
clock CLK, thereby generating a current output I out2 as the 
second analog output A 21 shown in FIG.1. The combining 
circuit 108 shown in FIG. 1 is implemented using a current 
to-voltage converter such as the TIA 208. Hence, the current 
outputs I out1 and I out2 are both fed into input ports of the 
TIA 208, and a voltage output V out (which acts as the 
combined analog output A OUT shown in FIG. 1) is gener 
ated from the TIA 208 based on a summation of the current 
outputs I out1 and I out2. As the Voltage output V out is 
derived from the summation of two current outputs I out1 
and I out2, the direct-current (DC) gain of the TIA 208 may 
be adjusted to make a DC level of the voltage output V out 
(which is derived from one main DAC output and one auxil 
iary DAC output) maintained at a DC level of a voltage output 
solely derived from the main DAC output. However, this is 
not meant to be a limitation of the present invention. In an 
alternative design, the DC level adjustment may be realized in 
circuit element (s) following the TIA 208. 

In the Z-transform domain, the current output I out1 may 
be represented by Y. and the current output I out2 may be 
represented by YxZ' due to a 180-degree phase delay 
caused by the inverter 214. If the transfer function possessed 
by the TIA 208 is not taken into consideration, the voltage 
output V out may be simply represented by Yx(1+Z'). It 
should be noted that the transfer function (1+Z') at the 
target sampling frequency Fs is equivalent to a transfer func 
tion (1+Z') at a higher sampling frequency 2*Fs. Thus, the 
DAC architecture shown in FIG. 2 may be conceptually 
regarded as operating under a higher sampling frequency 
2*Fs and having a filter embedded therein. 
The conceptual filter introduced by the intentionally cre 

ated transfer function (1+Z') is able to apply image rejection 
to the combined analog output of the digital-to-analog con 
version apparatus 200. FIG. 3 is a diagram illustrating a 
frequency response of the transfer function (1+Z') at 2*Fs. 
Suppose that the signal bandwidth BW of the digital input 
D IN is 50 MHz and the sampling frequency Fs is 900 MHz. 
In general, images are located at L*Fs+MBW, where L is the 
order of the harmonic, and M=+/- 1. As shown in FIG. 3, the 
1'-images are located at 850 MHz and 950 MHz, respec 
tively. Besides, the filter (1+Z') is able to attenuate the 
1'-images around the sampling frequency Fs. As combining 
current outputs I out1 and I out2 derived from using out-of 
phase sampling clocks is equivalent to a filter with the transfer 
function (1+Z') for providing enough attenuation for images 
around the sampling frequency Fs, the requirement of a post 
DAC filter can be relaxed. For example, in one exemplary 
design, the TIA 208 is further configured to act as a low-pass 
filter, especially, a wide bandwidth (e.g., 100 MHz) low-pass 
filter with a lower order (e.g., first order). 

In above example, the digital-to-analog conversion appa 
ratus 200 is able to provide enough attenuation for the 1'- 
images around the sampling frequency of 900 MHz. It should 
be noted that there is no limitation on the value of the sam 
pling frequency used by the digital-to-analog conversion 
apparatus 200. That is, when DACs 204, 206 of the digital 
to-analog conversion apparatus 200 are operated under a dif 
ferent sampling frequency, the same objective of applying 
image rejection to the TIA output through combining the 
DAC outputs is achieved. Please refer to FIG. 4, which is a 
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6 
diagram illustrating frequency responses of the transfer func 
tion (1+Z') when the digital-to-analog conversion apparatus 
200 operates under different sampling frequencies (e.g., 
Fs=900 MHz, Fs=800 MHz, and Fs=1200 MHz). As can be 
readily known from FIG. 4, the 1'-images can be effectively 
attenuated through the proposed image-rejection DAC archi 
tecture, regardless of the sampling frequency FS used. 
To put it simply, compared to a conventional DAC design 

with a DAC output suffering from unwanted images around 
the working frequency, the proposed DAC architecture is 
capable of providing enough attenuation to images around the 
working frequency (even though there is no post-DAC filter 
used). The comparison between the conventional DAC design 
and the proposed DAC design with image rejection according 
to the afore-mentioned embodiment is illustrated in FIG. 5 
and FIG. 6. FIG. 5 is a diagram illustrating time-domain 
waveforms of the conventional DAC design and the proposed 
DAC design with image rejection according to the afore 
mentioned embodiment. FIG. 6 is a diagram illustrating fre 
quency-domain waveforms of the conventional DAC design 
and the proposed DAC design with image rejection according 
to the afore-mentioned embodiment. Compared to the time 
domain waveform of the conventional DAC design, the time 
domain waveform of the proposed DAC design with image 
rejection has a reduced amplitude change rate, thus having 
less high-frequency noise. Hence, as can be seen from FIG. 6. 
magnitudes of 1'-images around the sampling frequency Fs 
(Fs=900 MHz) of the proposed DAC design are lower than 
that of 1'-images around the sampling frequency Fs (Fs=900 
MHz) of the conventional DAC design. 

In above embodiment, only one auxiliary DAC (i.e., DAC 
206) with a phase-adjusted analog output is added to create 
noise Suppression of images around the sampling frequency. 
Alternatively, multiple auxiliary DACs with different phase 
adjusted analog outputs may be added to create noise Sup 
pression of images around the sampling frequency and 
higher-order harmonic frequencies. 

Please refer to FIG. 7, which is a diagram illustrating 
another digital-to-analog conversion apparatus using the pro 
posed image-rejection DAC architecture shown in FIG. 1 
according to an embodiment of the present invention. Based 
on the same proposed image-rejection DAC architecture 
shown in FIG. 1, the exemplary digital-to-analog conversion 
apparatus 700 includes a clock generator 702, a plurality of 
digital-to-analog converters (e.g., TXDACs) 704, 706 1. 
706 2. 7063, and a transimpedance amplifier (TIA) 708. 
The clock generator 102 shown in FIG. 1 is implemented 
using the clock generator 702. By way of example, the clock 
generator 702 may be a multi-phase clock generator capable 
of generating a plurality of sampling clocks CLKo CLKoo, 
CLKso, CLK-7 with different phases equally spaced. Spe 
cifically, the sampling clock CLKoo has a phase delay equal to 
90° as compared to the sampling clock CLKo, the sampling 
clock CLKs has a phase delay equal to 180° as compared to 
the sampling clock CLK, and the sampling clock CLK-zo 
has a phase delay equal to 270° as compared to the sampling 
clock CLKo. The sampling clocks CLKo CLKoo CLK so, 
CLK-zo have the same sampling frequency FS (e.g., 900 
MHz) but different phases. The sampling clock CLK acts as 
the first sampling clock CLK 1 shown in FIG. 1, and is fed 
into the DAC 704 that acts as the first DAC 104 shown in FIG. 
1; and the sampling clocks CLKoo, CLKlso CLK27o act as the 
second sampling clocks CLK 21-CLK 2N shown in FIG. 1, 
and are fed into DACs 7061-7063 that act as the second 
DACs 106 1-106 N shown in FIG. 1, respectively. 

In this embodiment, each of the DACs 704, 7061-706 3 is 
a current output DAC. Hence, the DAC (e.g., a K-bit TXDAC) 
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704 converts the digital input (e.g., one K-bit data) D IN 
based on the sampling clock CLK, thereby generating a 
current output I out1 as the first analog output A 1 shown in 
FIG. 1; and the DACs (e.g., K-bit TXDACs) 706 1-7063 
convert the same digital input (e.g., the same K-bit data) 
D IN based on respective sampling clocks CLKoo, CLK so, 
CLK-7, thereby generating a plurality of current outputs 
I out2. I out3. I out4 as the second analog outputs A 21 
A 2N shown in FIG.1. The combining circuit 108 shown in 
FIG. 1 is implemented using a current-to-voltage converter 
such as the TIA 708. Hence, the current outputs I out1-I out 4 
are all fed into input ports of the TIA 708, and a voltage output 
V out (which acts as the combined analog output A OUT 
shown in FIG. 1) is generated from the TIA 708 based on a 
Summation of the current outputs I out1-I out4. As the Volt 
age output V out is derived from the Summation of four 
current outputs I out1-I out4, the DC gain of the TIA 708 
may be adjusted to make a DC level of the voltage output 
V out (which is derived from one main DAC output and three 
auxiliary DAC outputs) maintained at a DC level of a voltage 
output solely derived from the main DAC output. However, 
this is not meant to be a limitation of the present invention. In 
an alternative design, the DC level adjustment may be real 
ized in circuit element (s) following the TIA 708. 

In the Z-transform domain, the current output I out1 may 
be represented byY, the current output I out2 may be repre 
sented byYxZ' due to a 90-degree phase delay, the current 
output I out3 may be represented by YxZ" due to a 180 
degree phase delay, and the current output I out 4 may be 
represented byYxZ" due to a 270-degree phase delay. If the 
transfer function possessed by the TIA 708 is not taken into 
consideration, the voltage output V out may be simply rep 
resented by Yx(1+Z'+Z'+Z). It should be noted that 
the transfer function (1+Z'+Z+Z) at the target sam 
pling frequency Fs is equivalent to a transfer function (1+Z 
1+Z+Z) at a higher sampling frequency 4*Fs. Thus, the 
DAC architecture shown in FIG. 7 may be conceptually 
regarded as operating under a higher sampling frequency 
4Fs and having a filter embedded therein. 
The conceptual filter introduced by the intentionally cre 

ated transfer function (1+Z'+Z+Z) is able to apply 
image rejection to the combined analog output of the digital 
to-analog conversion apparatus 700. Please refer to FIG. 8, 
which is a diagram illustrating a frequency response of the 
transfer function (1+Z'+Z'--Z) at 4*Fs. Suppose that the 
signal bandwidth BW of the digital input D IN is 50 MHz and 
the sampling frequency Fs is 900 MHz. As mentioned above, 
images are located at L*Fs--M*BW, where L is the order of 
the harmonic, and M=+/- 1. As shown in FIG. 8, the 1'- 
images are located at 850 MHz and 950 MHz, respectively; 
the 2"-images are located at 1750 MHz and 1850 MHz, 
respectively; and the 3'-images are located at 2650 MHz and 
2750 MHz, respectively. The filter (1+Z'+Z'+Z) is able 
to attenuate the 1'-images around the sampling frequency Fs, 
attenuate the 2"-images around the second harmonic fre 
quency 2*Fs, and attenuate the 3'-images around the third 
harmonic frequency 3Fs. As combining current outputs 
I out1-I out4 derived from using sampling clocks with 
equally-spaced phases is equivalent to a filter with the transfer 
function (1+Z'+Z+Z) for providing enough attenuation 
for images around frequencies Fs, 2 Fs, 3Fs, the require 
ment of a post-DAC filter can be relaxed. For example, in one 
exemplary design, the TIA 708 is further configured to act as 
a low-pass filter, especially, a wide bandwidth (e.g., 100 
MHz) low-pass filter with a lower order (e.g., first order). 

In Summary, the proposed image-rejection DAC architec 
ture is capable of offering good image rejection while using a 
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8 
lower-order post-DAC filter. In this way, the filter design 
complexity and the production cost can be reduced. 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A digital-to-analog conversion apparatus, comprising: 
a first digital-to-analog converter, arranged to receive a first 

sampling clock and a digital input, and convert the digi 
tal input into a first analog output according to the first 
Sampling clock; 

at least one second digital-to-analog converter, arranged to 
receive the digital input and at least one second sampling 
clock different from the first sampling clock, and convert 
the digital input into at least one second analog output 
according to the at least one second sampling clock; and 

a combining circuit, arranged to combine the first analog 
output and the at least one second analog output into a 
combined analog output of the digital input; 

wherein the same digital input is received by the first digital 
to-analog converter and the at least one second digital-to 
analog converter, and the same digital input received by the 
first digital-to-analog converter and the at least one second 
digital-to-analog converter is converted into the first analog 
output and the at least one second analog output according to 
the first sampling clock and the at least one second sampling 
clock, respectively. 

2. The digital-to-analog conversion apparatus of claim 1, 
wherein a frequency of the first sampling clock is identical to 
a frequency of the at least one second sampling clock, and a 
phase of the first sampling clock is different from a phase of 
the at least one second sampling clock. 

3. The digital-to-analog conversion apparatus of claim 2, 
wherein the at least one second digital-to-analog converter 
includes a plurality of second digital-to-analog converters, 
the at least one second sampling clock includes a plurality of 
second sampling clocks used by the second digital-to-analog 
converters respectively, and the second sampling clocks have 
a same frequency but different phases. 

4. The digital-to-analog conversion apparatus of claim 3, 
wherein phases of the first sampling clock and the second 
sampling clocks are equally spaced. 

5. The digital-to-analog conversion apparatus of claim 1, 
further comprising: 

a clock processing circuit, arranged to receive the first 
sampling clock, and generate the at least one second 
sampling clock by processing the first sampling clock. 

6. The digital-to-analog conversion apparatus of claim 5. 
wherein the clock generating circuit is arranged to adjust a 
phase of the first sampling clock to generate the at least one 
second sampling clock. 

7. The digital-to-analog conversion apparatus of claim 5. 
wherein the clock generating circuit is an inverter. 

8. The digital-to-analog conversion apparatus of claim 1, 
wherein the combining circuit is further arranged to apply 
first-order low-pass filtering when generating the combined 
analog output. 

9. The digital-to-analog conversion apparatus of claim 1, 
wherein each of the first digital-to-analog converter and the at 
least one second digital-to-analog converter is a current out 
put digital-to-analog converter, and the combining circuit 
comprises a transimpedance amplifier. 
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10. A digital-to-analog conversion method, comprising: 
performing a first digital-to-analog conversion operation 
upon a digital input based on a first sampling clock, and 
accordingly generating a first analog output; 

performing at least one second digital-to-analog conver- 5 
Sion operation upon the digital input based on at least 
one second sampling clock different from the first sam 
pling clock, and accordingly generating at least one 
Second analog output; and 

combining the first analog output and the at least one sec- to 
ond analog output into a combined analog output of the 
digital input; 

wherein the same digital input is received by the first digital 
to-analog conversion operation and the at least one second 
digital-to-analog conversion operation; and the same digital 
input received by the first digital-to-analog conversion opera 
tion and the at least one second digital-to-analog conversion 
operation is converted into the first analog output and the at 
least one second analog output according to the first sampling 
clock and the at least one second sampling clock, respec 
tively. 

11. The digital-to-analog conversion method of claim 10, 
wherein a frequency of the first sampling clock is identical to 
a frequency of the at least one second sampling clock, and a 
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phase of the first sampling clock is different from a phase of as 
the at least one second sampling clock. 

12. The digital-to-analog conversion method of claim 11, 
wherein the at least one second digital-to-analog conversion 
operations includes a plurality of second digital-to-analog 
conversion operations, the at least one second sampling clock so 
includes a plurality of second sampling clocks used by the 
second digital-to-analog conversion operations respectively, 
and the second sampling clocks have a same frequency but 
different phases. 
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13. The digital-to-analog conversion method of claim 12, 

wherein phases of the first sampling clock and the second 
sampling clocks are equally spaced. 

14. The digital-to-analog conversion method of claim 10, 
further comprising: 

generating the at least one second sampling clock by pro 
cessing the first sampling clock. 

15. The digital-to-analog conversion method of claim 14, 
wherein the step of generating the at least one second sam 
pling clock comprises: 

adjusting a phase of the first sampling clock to generate the 
at least one second sampling clock. 

16. The digital-to-analog conversion method of claim 14, 
wherein the step of adjusting the phase of the first sampling 
clock comprises: 

inverting the first sampling clock to generate the at least 
one second sampling clock. 

17. The digital-to-analog conversion method of claim 10, 
wherein the step of combining the first analog output and the 
at least one second analog output comprises: 

performing first-order low-pass filtering when generating 
the combined analog output. 

18. The digital-to-analog conversion method of claim 10, 
wherein each of the first analog output and the at least one 
Second analog output is a current output, and the step of 
combining the first analog output and the at least one second 
analog output comprises: 

utilizing a transimpedance amplifier to receive the first 
analog output and the at least one second analog output, 
and generate the combined analog output corresponding 
to the first analog output and the at least one second 
analog output. 


